10)
In the present study, a 10-kDa chemoattractant derived from NH 2 -terminal type III domain of rat fibronectin has been isolated from the conditioned medium of granulationtissue culture.
MATERIALS AND METHODS

Culture of Granulation Tissue
Inflammation was induced by carrageenan as described previously. 11) Briefly, air (8 ml) was subcutaneously injected on the back of male Wistar rats (body weight of 170-200 g) to make an ellipsoidshaped air pouch. The next day, 4 ml of 2% carrageenan (Seakem 202; Marine Colloid Inc., NJ, U.S.A.) was injected into the preformed air pouch. The granulation tissue, which formed a capsular shape 1-2 mm thick, was collected on day 7 after carrageenan injection. The tissue was dissected free from surrounding tissues and washed extensively with Dulbecco's modified Eagle's medium (DMEM). The washed tissue was cut into small pieces (about 1ϫ1 cm) and cultured for 2 d in DMEM (3 ml/piece) supplemented with 0.1% bovine serum albumin, 25 mM Hepes, penicillin (0.1 mg/ml) and streptomycin (0.1 mg/ml) under 95% O 2 /5% CO 2 . Media were changed daily, and the conditioned media were centrifuged at 1500 g for 20 min at 4°C. The supernatants were pooled and stored at Ϫ30°C until required for purification of chemotactic factors.
Purification of Neutrophil Chemotactic Factors All purification steps except for reversed-phase HPLC were carried out at 4°C. The frozen conditioned media (800 ml) were thawed and neutrophil chemoattractants in the media were precipitated by addition of (NH 4 ) 2 SO 4 to 80% (w/v) saturation. The chemoattractants were partially purified from the precipitate by sequential column chromatographies on heparin-Sepharose, DEAE-Sephadex, CM-Sephadex, Sephadex G-75 gel filtration, and reversed-phase HPLC according to similar procedures described previously. 9) Briefly, the precipitate was dissolved and dialyzed against 30 mM Tris/HCl buffer (pH 8.0) and applied to a heparin-Sepharose column (2.5ϫ8 cm). Neutrophil chemoattractants were eluted from the column by a linear concentration gradient of NaCl from 0 to 1.5 M. The chemoattractants were separated into two peaks: high-and low-affinity heparin-binding fractions. The low-affinity heparin-binding fraction was dialyzed against 50 mM Tris/HCl buffer (pH 7.2) containing 20 mM NaCl and applied to a DEAE-Sephadex A-25 column (1.6ϫ20 cm) to remove acidic proteins including macrophage inflammatory protein (MIP)-1a. The unbound fraction (flow-through fraction) was dialyzed against 50 mM Tris/HCl buffer (pH 7.2) containing 20 mM NaCl and applied to a CM-Sephadex C-25 column (1.6ϫ20 cm). Proteins were eluted by a linear concentration gradient of NaCl from 0 to 1.0 M. Chemoattractants eluted between 0.2 and 0.5 M NaCl were pooled, dialyzed against 20-mM ammonium acetate solution and then lyophilized. The lyophilized sample was dissolved in phosphate-buffered saline (PBS) and applied to a Sephadex G-75 gel filtration column (1.6ϫ100 cm). Chemotactic activity was eluted at the position corresponding to molecular masses between 20 and 30 kDa. The chemoattractant fraction was dialyzed against 20-mM ammonium acetate solution and lyophilized. The lyophilized sample was dissolved in 6 M guanidine hydrochloride and loaded onto a C18 reversedphase column (TSK gel ODS-120T, 0.46ϫ25 cm; Tosoh Co., Tokyo). The chemoattractants were eluted by a linear concentration gradient of acetonitrile from 0 to 80% in 0.05% trifluoroacetic acid at a flow rate of 0.8 ml/min. The major chemoattractant peak was further purified by rechromatography of reversed-phase HPLC (TSK gel ODS-120T column, 0.46ϫ15 cm; Tosoh Co., Tokyo). The chemotactic factor obtained from rechromatography of reversed-phase HPLC was finally purified by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) on a slab gel of a discontinuous 9.6%/16% acrylamide in a Tricine buffer system as reported by Schagger and Von Jagow. 12) After electrophoresis under non-reducing conditions, the proteins were transferred to a PVDF membrane (BIO-RAD Laboratories Co.). The PVDF membrane was stained with 0.1% amido black 10B/50% methanol/7% acetic acid for 20 min at room temperature, and then destained with 50% methanol/7% acetic acid. The protein bands on the PVDF membrane were cut out, and extracted by incubating the pieces of membrane sequentially with 40% acetonitrile solution at 37°C for 3 h and 40% acetonitrile/0.05% trifluoroacetic acid at 50°C for 20 min. Both the extracts were pooled, concentrated on a SpeedVac centrifuge, and the chemotactic activities of the dried samples were determined in vitro.
Chemotaxis Assay in Vitro Neutrophils were harvested about 16 h after intraperitoneal injection of Krebs/Ringer bicarbonate solution containing 1% casein (120 ml/kg body weight of Wistar rats). Chemotactic activities of fractions from column chromatographies were determined in vitro in 96-multiwell-type Boyden chambers using a polycarbonate filter with pores of 2 mm in diameter according to a minor modification 9) of the method of Watanabe et al. 13) As an index of chemotaxis, migration rate was expressed as the percentage of the number of neutrophils migrating into the lower wells during an 80-min incubation at 37°C to that of the neutrophils applied to the upper wells.
RESULTS
Purification of Neutrophil Chemoattractants
Conditioned medium from granulation-tissue culture was applied to a heparin-Sepharose column, and neutrophil chemoattractants were eluted from the column as high-and low-affinity heparin-binding fractions. As shown in Fig. 1 , CINC-2 was found in the high-affinity heparin-binding fraction (fraction numbers 25-34), whereas only a negligible amount was found in the low-affinity heparin-binding fraction (fraction numbers 13-24). The results are in good agreement with our previous findings that major chemoattractants in the high-affinity heparin-binding fraction are CINCs (CINC-1, -2 and -3) when neutrophil chemoattractants were purified from conditioned medium of granulation tissue 9) or LPS-stimulated rat macrophages. 14) In the present study, therefore, a neutrophil chemoattractant was further purified from the lowaffinity heparin-binding fraction by column chromatographies sequentially on DEAE-Sephadex, CM-Sephadex, Sephadex G-75 gel filtration, and reversed-phase HPLC. As shown in Fig. 2 , the chemotactic activity was eluted as a major peak (peak 1; P-1) on rechromatography of reversedphase HPLC, while P-2 and P-3 had no chemotactic activity. The amount of P-1 was 67 mg when the protein was estimated based on the area of elution peak of reversed-phase HPLC using soybean trypsin inhibitor as a standard. The isolated P-1, however, gave three bands corresponding to molecular masses of 10, 16 and 20 kDa on SDS-PAGE under both nonreducing (Fig. 3A) and reducing conditions (data not shown). The purified 10-kDa protein, a major band on SDS-PAGE had chemotactic activity for rat neutrophils, whereas 20-kDa and 16-kDa proteins showed a weak and no chemotactic activity, respectively (Fig. 3B) .
The sequence of NH 2 -terminal 12 amino acid residues of the 10-kDa chemoattractant was identical with the sequence of rat fibronectin starting from the residue Thr 585 , which corresponds with the first type III domain of rat fibronectin (Fig.  4) . The results suggest that the purified 10-kDa chemoattrac- Chemotactic factors were eluted by a linear concentration gradient of NaCl from 0 to 1.5 M. The low-affinity heparin-binding fraction (fraction numbers 13-24), which has chemotactic activity and a negligible amount of CINC-2, was further purified. Chemotactic activity and amount of CINC-2 of each fraction were assayed in duplicate.
Fig. 2. Rechromatography of Chemotactic Factor on Reversed-Phase HPLC
A chemotactic factor was eluted by a linear concentration gradient of CH 3 CN from 0 to 80%. Chemotactic activity of each peak at a concentration of about 1 mg/ml was assayed in duplicate. The peak 1 (P-1) isolated by rechromatography on reversed-phase HPLC was subjected to SDS-PAGE (A) under non-reducing conditions. Molecular-masses standards (Mr Std) and recombinant CINC-1 (rCINC-1) were run simultaneously. Three separated proteins on SDS-PAGE were transferred to a PVDF membrane and extracted from the membrane, and their chemotactic activities were measured in vitro (B).
tant is a fragment derived from NH 2 -terminal type III domain with a heparin-binding site of rat fibronectin. We cannot rule out the possibility that the 20-kDa protein with a weak chemotactic activity also contains the type III domain of rat fibronectin. However, it was impossible to carry out NH 2 -terminal amino acid analysis of 20-kDa and 16-kDa proteins because quantity of the protein was very small.
DISCUSSION
In the present study, we purified a 10-kDa protein with chemotactic activity for neutrophils from conditioned medium of rat granulation-tissue culture. The purified chemoattractant was a basic 10-kDa protein with low heparin-binding activity, whereas CINCs including CINC-2, potent rat chemokines, had high heparin-binding activity (Fig. 1) . The molecular mass of 10-kDa chemoattractant was clearly higher than that (6.5 kDa) of CINC-1 (Fig. 3A) , and all CINCs have almost the same molecular masses (6.5-7 kDa) on SDS-PAGE.
9) The results, therefore, suggest that chemotactic activity of the 10-kDa protein is not due to the contamination of CINCs. We have demonstrated that a 16-kDa fragment of NH 2 -terminal fibronectin-like type III domain of rat collagen type XIV is a neutrophil chemotactic factor, 14) supporting that the purified 10-kDa protein derived from NH 2 -terminal type III domain of rat fibronectin is also a neutrophil chemoattractant. Both the purified 10-kDa protein and the 16-kDa fragment of rat collagen type XIV have characteristic motifs of fibronectin type III repeats, 15) but it is unclear at the present time which motif is important for chemotactic activity. Large quantities of fibronectin were found in inflammatory synovial fluid 16) and fibronectin fragmentation occurred in tissues in chronic synovial inflammation. 17) Odekon et al. 18) reported that phorbol ester-stimulated pulmonary artery endothelial cells produced a 120-kDa fibronectin fragment chemotactic for human neutrophils. The fragment contained the cell-binding domain of fibronectin, but it is unclear whether the amino acid sequence of the 10-kDa fragment found in the present study is included in that of the 120-kDa fragment.
In summary, our observations have found that a 10-kDa chemoattractant is derived from NH 2 -terminal type III domain of rat fibronectin in granulation tissue. Further studies will be required to clarify chemotactic characteristics of the molecule and to evaluate the contribution of the chemoattractant to neutrophil recruitment in rat inflammation. The sequence of the purified 10-kDa chemoattractant is compared with that of the first (NH 2 -terminal) type III domain (repeat) of rat fibronectin that has 17 type III repeats. Asterisks indicate amino acid residues identical with those of NH 2 -terminal type III domain (T 577 -T 674 ) of rat fibronectin.
